We present novel data sets of rare earth element (REE) distributions in a hydrothermal vent field at Yonaguni Knoll IV in the Okinawa Trough. Vertical REE profiles in three water columns showed horizontal variation of REE concentrations within 1000-1200 m. Hydrothermal plumes were discovered by anomalous values of methane, manganese and transmissometry at that site. Europium anomalies in the North Pacific deep water (NPDW) normalized pattern decreased with distance from the hydrothermal vent site, indicating that the dilution of hydrothermal fluid in the plume can be traced using REE. The horizontal variation of negative Ce-anomalies represents the continuous scavenging of REE by suspended matter in the plume. In addition, we measured nine hydrothermal fluid samples. The REE geochemistry of hydrothermal vent systems had been investigated intensively at sediment-starved mid-oceanic ridges, but few studies had examined sediment-hosted hydrothermal systems like those of the Okinawa Trough. The chondrite-normalized REE patterns of the fluids collected at Yonaguni Knoll IV show typical lighter rare earth elements (LREE) and Eu enrichment similar to at the Mid-ocean Ridge sites. A remarkable characteristic of the Yonaguni Knoll IV fluid pattern is its higher concentrations of heavier rare earth elements (HREE) and La composition than the hydrothermal fluids of the sediment-starved East Pacific Rise and Trans-Atlantic Geotraverse. Such a feature is explainable by influences of covering sediments in the back-arc basin Okinawa Trough. At the hydrothermal vent, lighter REE (LREE) in the fluid was reduced systematically during fluid mixing with seawater within the chimney. Light REE elimination resembles fractionation caused by particle scavenging within the water column. However, the lack of Ce depletion, which is a typical REE feature in the water column, along with distinctive Eu reduction, were unique in the Yonaguni Knoll IV fluid, suggesting that fluid REE fractionation at the vent site was induced predominantly by coprecipitation with hydrothermally originated minerals (e.g. sulfate and carbonate), not by adhesive removal by Fe and/or Mn oxide particles. Previous studies had shown that REE removal and fractionation of the hydrothermal system were observed only in deposit samples. Results of this study elucidated REE fractionation in fluid samples using previous analytical data. We were also able to distinguish REE removal mechanisms occurring at the vent site and water column using REE pattern characteristics.
INTRODUCTION
This study elucidated rare earth element (REE: yttrium and all lanthanides) distributions in three water columns near a hydrothermal vent field in a typical sedimenthosted hydrothermal area of the southwestern point of the Okinawa Trough: Yonaguni Knoll IV. At that study
To assess the contribution of hydrothermal activity to the surrounding REE distribution in seawater, we first describe the fluid REE character in the sediment-hosted hydrothermal system at Okinawa Trough, Yonaguni Knoll IV. Using solvent extraction followed by inductively coupled plasma mass spectrometry (ICP-MS), we can measure all REE with high precision (0.6-2.5% for REEs, except 9.5% for Ce(III)). All REE data, including those of single isotope elements, enable us to describe the complete chondrite-normalized patterns and to describe REE fractionations in detail.
Combining REE data in a hydrothermal fluid with that in the water column, we elucidated local mechanisms that influence the REE distribution in seawater. Variation of REE patterns from fluid to seawater occurred not only by particle scavenging in the water column (reviewed in Byrne and Sholkovits, 1996; Nozaki, 2001 ) but also by REE fractionation during precipitation from the hydrothermal fluid (Mitra et al., 1994; Mills and Elderfield, 1995) . Typical features of hydrothermal REE systems have been studied mainly at the sediment-starved MidOcean Ridge, but a few investigations have examined the sediment-host back arc basin. Previous works have reported familiar characteristics of REE in hydrothermal fluids. Those characteristics reflect interactions between the hot fluids and volcanic rocks, and light-REE (La-Gd) enrichment with positive Eu-anomaly in chondrite-normalized REE patterns at the Mid-Atlantic Ridge (Klinkhammer et al., 1994a; Campbell et al., 1988; Mitra et al., 1994) and East Pacific Rise (Douville et al., 1999) . From the perspective of hydrothermal geochemistry, our interest is whether fluid REE compositions in the sediment-hosted system at the Okinawa Trough differ from those in the sediment-starved site. Hydrothermal fluids of sediment-hosted sites are known to be rich in CO 2 , CH 4 , and NH 4 + , and to have higher alkalinity than those from sediment-starved sites because of the degradation of organic matter in the covering sediment, as observed in the Guaymas Basin of the Gulf of California (Von Damm et al., 1985) , Escanaba Trough on the Gorda Ridge (James and Palmer, 2000) and Middle Valley on the Juan de Fuca Ridge (Butterfield et al., 1990) , as well as in the Okinawa Trough Gamo et al., 1990 Gamo et al., , 1991 . Chemical characteristics of hydrothermal fluid collected at the Okinawa Trough reveal higher concentrations of K and Li compared to any other reported site; it also has relatively lower Ca concentration . We present characteristics of REE in the fluid here. Figure 1a ) shows the Okinawa Trough study area. Vertical seawater samples in the Yonaguni Knoll IV were collected at SPOT-1, SPOT-4, and SPOT-5 (Fig. 1b) ) using a CTD-carousel multi-sampling system with a transmissometer (25-cm light path; Sea Tech Inc.) during Tables 1 and 2. the R/V Hakuho-maru (Ocean Research Institute, the University of Tokyo) KH-02-1 cruise (11 June, Naha-24 June, Tokyo, 2002). The above CTD-CMS system, attached at the end of a titanium reinforced cable (8 mm o.d.) and a CTD deck unit (Model 11 plus; Sea-Bird Electronics, Inc.). The array frame (Carousel) can hold 24 water samplers (12L volume each). Immediately after sampling, vertical seawater samples were filtered using a polycarbonate filter (pore size 0.2 µm) in a built-in clean room on the ship. They were then acidified to less than pH 2 using ultra-pure HCl (Tamapure-AA-; Tama Chemicals Co. Ltd.).
SAMPLES AND METHODS
Hydrothermal vent fluid samples were collected during geomicrobiological and geochemical investigations of deep-sea hydrothermal vents in Yonaguni Knoll IV (M/ S Yokosuka, YK-04-05, Leg 2; 1 May, Komatsujima-16 May, Naha, 2004) . All hydrothermal fluids were collected using a water-hydrothermal atsuryoku tight sampler (WHATS), which was developed for collecting fluid samples while maintaining gas pressure (Tsunogai et al., 2003) , installed at the center of the manned submersible SHINKAI 6500 (JAMSTEC) during Dive815-Dive821. Fluid samples were collected at three chimney vents: Lion Chimney, Tiger Chimney (black smoker), and Mosquito Chimney (162°C) at the Yonaguni Knoll IV hydrothermal site. The temperature probe contained five temperature measuring points in its 473-mm-long probe, in addition to a two-component (X and Y) tilt sensor and one temperature measuring point at the top of its data logger. Unfortunately, temperature data were not measured for all samples because of communication trouble with the PC and recording trouble at some dive samplings during expeditions. Shipboard analyses of hydrothermal fluid pH were performed using a Corning pH meter with a combined glass electrode, which was calibrated against standard solutions of pH = 6.86 (25°C) and 4.01 (25°C). Ammonium was also determined using a method based on the diazotization of phenol and subsequent oxidation of the diazo compound to yield a blue color (measured wavelength: 640 nm). The Mg concentration was also determined using inductively coupled plasma atomic emission spectrometry after 200-times' dilution of the acidified fluid samples. Furthermore, 1-2 ml fluid samples were collected for REE analysis and acidified on the ship to less than pH 2 using ultra-pure HCl without filtration. Consequently, we were able to measure total (dissolved and acid soluble particulate) REE concentrations in fluid samples.
The REE analyses were performed using a mixture of 65% bis (2-ethylhexyl) hydrogen phosphate and 35% 2-ethylhexyl dihydrogen phosphate, followed by back-extraction with 6M HCl in the laboratory of the Ocean Research Institute, Univ. Tokyo. Concentrations of REE were measured using ICP-MS (PMS-2000; Yokogawa Analytical Systems Inc.) (Zhang and Nozaki, 1996; Alibo and Nozaki, 1999) . Triplicate analyses for each seawater sample provided relative standard deviations of 0.6-2.5% for REE, except for Ce (9.5%). Procedural blanks averaged (n = 7, in pmol kg -1 ) are: 0.45 ± 0.12 for Y, 0.14 ± 0.03 for La, 0.59 ± 0.14 for Ce, 0.041 ± 0.007 for Pr, 0.14 ± 0.03 for Nd, 0.038 ± 0.004 for Sm, 0.015 ± 0.002 for Eu, 0.057 ± 0.027 for Gd, 0.007 ± 0.002 for Tb, 0.036 ± 0.007 for Dy, 0.008 ± 0.002 for Ho, 0.035 ± 0.009 for Er, 0.006 ± 0.001 for Tm, 0.038 ± 0.012 for Yb, and 0.007 ± 0.002 for Lu. These analytical blanks and detection limits (three times the standard deviations) were sufficiently low to interpret the low dissolved REE concentrations reliably in surface waters, including monoisotopic elements (Y, Pr, Tb, Ho and Tm). Recoveries of 100 ± 5% for 115 In were obtained in all analyses.
RESULTS

REE distributions in the water column at Yonaguni Knoll IV
We obtained three vertical REE distributions in the water column above Yonaguni Knoll IV. The horizontal distance from the hydrothermal vent site increases as SPOT-5 < SPOT-1 < SPOT-4. Results of REE concentrations are listed in Table 1 and described as vertical profiles in Fig. 2 . Light transmission of seawater indicated that the hydrothermal buoyant plume expanded from 1000 m to 1200 m at SPOT-5 (Fig. 3) . The Nd concentrations varied 4.6-30 pmol kg -1 within the water column at Yonaguni Knoll IV compared with the earlier observation in the western North Pacific seawater (Zhang and Nozaki, 1998 at 850 m of SPOT-1. In the water column, active particle scavenging can reduce the dissolved REE(III) concentrations in seawater (Nozaki, 2001 ). However, Sholkovitz et al. (1994) and Alibo and Nozaki (1999) pointed out that particle scavenging of REE contributes less than 5% of the concentrations in the seawater (except for Ce (III, IV)). Dissolved Ce profiles appeared to be somewhat more complex than those of other REE because Ce(III) readily oxidizes to Ce(IV) in a marine environment. Biological mediation (Moffett, 1990) and/or inorganic adsorption reaction with the MnO 2 particle surface (Tachikawa et al., 1997 (Tachikawa et al., , 1999 induces Ce scavenging from seawater. The Ce concentrations at SPOT-1 and SPOT-4 are much lower in deeper waters: 10 pmol kg -1 < 300 m and 5 pmol kg -1 or less at >1000 m. In contrast, at SPOT-5, the maximum concentration was observed at 700 m depth, with decreased concentrations concomitant with increased depth. Cerium also displayed unusual variation, as did other dissolved REE. There was no possible locally limited input source of dissolved REE. For that reason, a large horizontal variation of REE is inferred to have resulted from the elimination of REE within a few square kilometers. One candidate for an elimination mechanism is adsorptive scavenging on the suspended matter originated from the slope of knoll sediments. However, such a diffusive supply of suspended matter from the knoll would not be localized. The mechanism would have to be more locally observed as the transmission anomaly in SPOT-5 (Fig. 3) . Then, REE must be removed by scavenging on the large amount of suspended matter in a hydrothermal plume. We also measured concentration and composition of REE in the hydrothermal fluid samples to evaluate the contribution of hydrothermal activities on the REE distribution in surrounding seawater. Table 2 shows REE concentrations in hydrothermal fluids collected at nine chimney sites of Yonaguni Knoll IV. Fluids are substantially enriched in REE compared to seawater (NPDW, Nozaki et al., 1999) by factors of 3000 in Ce, 1000-10000 in Eu and 100 in other REE. Those REE concentration levels are consistent with previous investigations of the East Pacific Rise (EPR) (Klinkhammer et al., 1994a; Douville et al., 1999) and the Trans-Atlantic Geotraverse (TAG; Douville et al., 1999) . The chondrite-normalized REE patterns of fluids are shown in Fig. 4 . The most remarkable feature compared to NPDW is Eu enrichment, which had no negative Ce-anomaly. This is the most common characteristic of the hydrothermal fluid REE observed in many fluid samples in the world's oceans (Mitra et al., 1994; Klinkhammer et al., 1994a, b; Douville et al., 1999) . These characteristics of REE compositions in fluids are Nozaki et al. (1999) .
REE in hydrothermal fluid samples
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caused by interaction between heated seawater and plagioclase phenocrysts in basalt, during alteration processes at high temperatures (Campbell et al., 1988; Klinkhammer et al., 1994a, b; Douville et al., 1999) . Klinkhammer et al. (1994b) presented that sedimenthosted systems of Escanaba and Marianas showed similar features. Hot seawater and host-rock interaction engender a systematic change of REE composition from La to Lu (except for the Eu-anomaly) in a chondrite-normalized pattern. However, the REE patterns of Yonaguni Knoll IV fluid showed flat HREE compositions from Ho to Lu. We present an explanation for flat HREE in the fluid at the sediment-host Okinawa Trough.
DISCUSSION
REE in the hydrothermal plume
Previous studies identified triple-layered plumes at SPOT-5 using a methane profile; they were centered at 800 m, 1050 m and 1200 m (Nishida and Gamo, 2004) . The CH 4 concentration and carbon stable isotope at 1200 m depth indicated that active microbial CH 4 oxidation caused the δ 13 C increase of residual CH 4 as the plume aged. A plume signal was also observed at 1200 m at SPOT-4 in Mn along with transmission profiles (Doi et al., 2004) . SPOT-5 is the closest station to the hydrothermal vent (Fig. 1) . Figures 5a and 5b illustrate Ce-anomalies [defined according to the equation Ce/Ce* = 2Ce/ Ce Chondrite /(La/La Chondrite + Pr/Pr Chondrite )] and Eu-anomalies (defined as the equation Eu/Eu* = 2Eu/Eu NPDW /(Sm/ Sm NPDW + Gd/Gd NPDW ) at the depth of plume center, as predicted by the CH 4 anomalies. The positive Eu-anomaly is the salient feature of hydrothermal fluid composition; Ce is the most sensitive indicator among the REE, displaying the particle scavenging activity in the water column due to its higher particle affinity. Additionally, nor- mal seawater values at 497 m depth at SPOT-4, where no anomalous values were observed in the transmission, manganese or methane profiles, were also plotted. The Eu-anomaly in the plume decreased with increasing distance from the vent site from SPOT-5 to SPOT-4 (Fig.  5a ). The REE concentrations in both sites were of the same level as normal seawater in the western North Pacific (Zhang and Nozaki, 1998) . However, the REE composition reflected the hydrothermal fluid signature. This reflection suggested that the REE, supplied by hydrothermal fluid, did not act as an additional source of REE to the surrounding seawater, but its hydrothermal influence is apparent in REE compositions.
The negative-Ce anomaly increase, or the decreased value of Ce/Ce*, indicated continuous scavenging of REE (Fig. 5b) caused by adsorption of particles in the plume. The decreased light transmission (Fig. 3) indicated the large amount of particles in the plume. Cerium anomalies in the plume depth at three SPOT stations were greater than that of normal seawater at 496 m depth of SPOT-4, suggesting that the REE removal was more active in the plume than in the ambient water column. Scavenging occurred successively during transport processes in seawater. The Eu-and Ce-anomalies sensitively reflected the influence of the hydrothermal activity and expansion around the vent field.
Hydrothermal fluid character of the sediment-hosted Okinawa Trough
The REE compositions of the fluid at Yonaguni Knoll IV resemble those of the Mid-Oceanic ridge sites, showing LREE enrichment, positive Eu-anomalies, and no Ceanomalies. However, the heavier-REE (HREE) composition of the Yonaguni Knoll IV fluid was almost flat after chondrite-normalization, even though the mid-oceanic ridge (TAG, EPR) showed a systematic decrease from Tb to Lu.
Previous studies have revealed that the chondrite-normalized REE pattern of intermediate and silisic rocks forming the middle Okinawa Trough showed a gentle LREE decrease and almost flat or slightly increasing HREE with the atomic number (Shinjo and Kato, 2000) . These characteristics resemble the REE composition in the fluid sample collected at the Yonaguni Knoll IV. However, the REE compositions of host rocks observed in the Okinawa trough can only slightly explain the REE characteristics of the fluid because silisic rocks forming the middle Okinawa Trough (Shinjo and Kato, 2000) have no Eu-enrichment: they have only small negative Euanomalies. Furthermore, the REE composition of hydrothermal fluids must reflect the elemental fractionations induced by interaction of hot water and rocks. However, we await further analyses of minerals at vent sites before attempting to explain the rock-water interaction effects on REE composition. This paper describes a possible explanation of the flat HREE patterns aside from the transcript of REE in the host rock. The most likely candidate for the additional REE source of the fluid is the covering sediment at the Okinawa Trough. Figure 6 described the REE concentration in the Yonaguni Knoll fluid over the TAG fluid (HS88 10/1 TAG; Douville et al., 1999) . Although the REE compositions in atomic number from Ce 
Fig. 6. REE concentration ratios of fluids collected at Yonaguni
Knoll IV to TAG fluid (HS88 10/1 TAG; Douville et al., 1999) .
to Gd were similar for the two hydrothermal types, La and HREE (Tb-Lu) were enriched in the Yonaguni Knoll fluids. Enrichment characteristics of REE at Yonaguni Knoll IV fluid over the TAG fluid coincides with the pore water composition in the POC-rich sediments reported by previous work. Haley et al. (2004) presented the greatly enriched HREE pattern of pore water, increasing with atomic mass, Lu > Yb > Tm > Er > Ho in the PAASnormalized REE patterns. Those REE characteristics can apply even in the chondrite normalized case. Systematic HREE enrichment is explainable by its strong complexation nature with organic ligands (Byrne and Kim, 1990 ). Although we have no direct information for the sediment at the Yonaguni Knoll IV, Masuda et al. (1978) reported a flat HREE composition of sediments compared to chondrite at the Okinawa Trough (Fig. 7) . Those are the only available REE data of the sediment at this site measured by neutron activation analysis, even though not all lanthanides are included in previous data. The chondrite-normalized REE pattern of the pelagic sediment collected at the Okinawa Trough was characterized by higher LREE than HREE and a flat HREE pattern. On the other hand, the sediment pattern near the vent field showed higher HREE than LREE, which also supports the explanation that the sediments can affect the fluid REE composition. Active scavenging at the vent site removes the dissolved REE from surrounding seawater, which has a higher HREE composition. During mixing of the fluid with seawater, drastic changes of pH and temperature produce large amounts of particulate matter, followed by substantial removal of trace elements, even from ambient seawater, because of adhesion or coprecipitation with particles. Therefore, the seawater undergoes a net depletion of REE as a consequence of hydrothermal activity (Mitra et al., 1994) . High La and flat HREE patterns of Yonaguni Knoll fluid underscore the importance of the influence of covering sediments near the vent for fluid REE composition as well as rock and hot-water interaction. Figure 8 depicts the Y/Ho molar ratios over the La concentrations in various hydrothermal vent fluids. In Okinawa Trough fluids, La concentrations were similar to those reported among previous data for the mid-oceanic ridge. On the other hand, Y/Ho molar ratios in the Okinawa Trough (48-142) are demonstrably higher than those at other hydrothermal sites (<98). Douville et al. (1999) and Bau and Dulski (1999) reported that the fluid samples in the Mid-Atlantic Ridge and EPR were near the chondrite values of about 50 (Evensen et al., 1978) or Fig. 7 . Chondrite-normalized REE patterns of NPDW and D231 (near the vent field sediment), D238 (pelagic sediment at the Okinawa Trough) samples (Masuda et al., 1978 (Douville et al., 1999) . At the Manus Basin site, seawater has insufficient time to react with rocks completely because of short and shallow convective cells; the fluid might therefore maintain the seawater Y/Ho value (Douville et al., 1999) . In contrast, the Y/Ho ratio in the Okinawa Trough was greater than 100: as high as seawater. Scavenging by iron and manganese oxide particles in the water column increase the Y/Ho ratio, as indicated by the fact that the seawater value (Y/Ho = 100) is higher than that of source materials (Y/Ho rocks = ca. 55). The seawater Y/Ho values at the SPOT stations are greater than 100 (ca. 156) and increase toward the vent site (Fig. 1b) , reflecting active particle scavenging and elemental fractionation between Y and Ho within the water column. The higher Y/Ho ratios than those of other hydrothermal site are explainable by the higher Y/Ho values in the water column compared to those of other vent sites.
Fluid dilution through mixing with ambient seawater
Previous work in the Okinawa Trough (Hongo and Nozaki, 2001) revealed that the REE pattern in the hydrothermal deposits (chimney) showed flat HREE and positive Eu-anomaly (Fig. 9) , which is similar to the fluid observed in this study. This suggests that the REE character of hydrothermal fluid was preserved in the precipitates. In addition, the fact that surrounding seawater lost the fluid composition immediately (Hongo and Nozaki, 2001) appears that the most part of REE in the fluid precipitates within the vent site and does not distribute over a wide area. Therefore, we discuss here the change of REE composition within the vent site to elucidate the distribution of REE after spouting into the seawater. We compared the REE concentrations in the fluid of various mixing ratios with seawater. Figure 10 depicts La, Sm and Ho concentrations versus Mg concentration. We can draw a simple dissolution line by assuming that the Mg con- Fig. 9 . Chondrite-normalized REE patterns of hydrothermal deposits (chimney) collected at the Okinawa Trough (Hongo and Nozaki, 2001) . Damm et al., 1985) . The La concentration was less than the expected value estimated from Mg concentrations; that feature was commonly observed among the LREE. On the other hand, Ho and Er (HREE) concentrations are explainable roughly by mixing of fluids with the seawater. The LREE deficiency compared to estimated values indicates that some preferential removal mechanism affected the REE composition in the fluid.
When the fluid is mixed with ambient seawater, many kinds of metals might precipitate with sulfides, carbonates and oxides from the water phase because solubility is lower by higher pH and lower temperature seawater compared to the acidic and high temperature hydrothermal fluid. However, Mitra et al. (1994) stated that fractionation was not observed in the fluid at the MidAtlantic Ridge during mixing of hydrothermal vent fluids with seawater. Hongo and Nozaki (2001) obtained REE compositions in the hydrothermal deposits of carbonates and sulfides that were mainly collected at the northwestern Okinawa Trough. Carbonate deposits containing less than 6% sulfide showed the characteristic REE composition with a positive Eu-anomaly, LREE systematic enrichment, and almost flat HREE. Carbonate deposits that contain less than 0.5% sulfide exhibited similar features to those of higher sulfide compositions (Fig. 9) . These results indicate that the REE in the fluid samples were fractionated through co-precipitation with the sulfide and carbonate deposits at the vent field. Figure 11 illustrates the chondrite-normalized REE patterns of fluids samples collected at each chimney site. Lighter REE con- tent and positive Eu-anomalies were slightly lower concomitant with increasing Mg concentrations at all sites. The LREE reduction with increasing Mg is clear compared to HREE. Additionally, Fig. 12 portrays the differences between calculations using the simple dilution model and observed values of fluid REE. Calculation of REE concentrations was performed using NPDW ([Mg] = 53 mmol kg -1 ) and fluid (Mg = 0) extrapolation. Europium was fractionated from other REE during dilution with seawater. Furthermore, the LREE compositions changed compared to those of HREE compositions. The characteristic behavior of Eu might reflect its different chemical speciation: Eu 2+ is inferred to be the predominant species at temperatures greater than 250°C, high pressure, and low pε (Sverjensky, 1984) . The other REE will be present as REE(III) ions. Unfortunately, we have insufficient supportive hydrological and chemical information (i.e., temperature, pε, and anion species composition), but it is convincing that Eu behavior is separate from other strictly trivalent REE.
Except for Eu, elemental fractionation during the dilution process of fluids with seawater is similar to that in the water column (Sholkovitz et al., 1994; Nozaki et al., 1999; Bertram and Elderfield, 1993) . Nevertheless, Ce deficiency, which is the typical feature of scavenging on oxidative condition in water column, was negligible in the REE fractionation in the fluid and seawater mixing. The removal of Ce from seawater is related to its oxidation process, like that for Mn, via biomediation (Moffett, 1990) or inorganic oxidation processes (Koeppenkastrop and DeCarlo, 1992) . The absence of Ce depletion in fluid mixing suggests that the dominant factor of REE fractionation is not particle adhesion, as in the water column, but precipitation with hydrothermal minerals that are particular to mechanisms at the vent. Actually, the REE composition in the hydrothermal deposits (Hongo and Nozaki, 2001) showed the same fractionation pattern as that during the fluid dilution. The REE composition in the fluid sample can present the fractionation induced by removal with deposits. The REE distribution of the hydrothermal vent field was influenced strongly by at least two mechanisms. One is active particle scavenging; the other is precipitation with the hydrothermal deposits. Both mechanisms can reduce the LREE systematically, but incorporation with sulfate and carbonate deposits induces peculiar Eu elimination with no Ce deficiency. Precise analysis of fluid REE is a useful tool to reveal the vent fluid chemistry.
CONCLUSION
Our results describe the vertical distributions of REE in the water column near vent fields at the Okinawa Trough back-arc basin. The REE vertical distributions at three vents at the Yonaguni Knoll IV site showed a hydrothermal buoyant plume at 1000-2000 m, where the CH 4 increases anomalously. Considerable variation of the horizontal REE concentration indicated the existence of a hydrothermal plume containing a large amount of suspended mattes, which removed REE from seawater. Positive Eu-anomaly and negative Ce-anomaly respectively signified the dilution of the hydrothermal fluid signature and the activity of particle scavenging. The REE composition is a useful tool to trace the evolution of plume during lateral transport. Although REE in the hydrothermal fluid does not act as the net source of the world's oceans' REE budget, highly accurate analyses of REE enable us to trace the influence of hydrothermal activities using REE.
Analytical results of REE in the hydrothermal fluids collected at Yonaguni Knoll IV established the typical Eu enrichment and systematically increased lighter REE at the mid-ocean ridges. Higher REE (Ho-Lu) enriched compositions than those of TAG and EPR reflected the REE composition of covering sediments, which concentrates HREE over LREE. Furthermore, when the venting fluid mixed with seawater, REE in the fluids did not decrease linearly with increased Mg concentrations. This fact suggests that mixing of seawater with hydrothermal fluid induced particular elemental fractionation. Carbonate and sulfide precipitates seem to cause large anomalous Eu taking and non-selective removal of Ce from the solution, which are distinguishable from scavenging mechanisms by the Fe and Mn oxide particles in seawater. Precise analysis of fluid REE is a tool to reveal trace element behavior in hydrothermal fluid chemistry. 
